The trfA and trb operons, encoding genes essential for replication and conjugative transfer of broad host range plasmid RK2, are transcribed divergently. Deletion analysis presented here indicates that trfAp and trbAp are arranged as face to face promoters. The presence of the korA gene, whose product is known to repress seven operons on RK2, including the trfA operon, is shown here to stimulate trbAp. The effect of korA on trbAp is mimicked by the trfAp-l promoter down mutation, sggesting that a reduction in the activity of trfAp is required for derepression of trbAp activity. 
The IncP plasmids are of particular interest because they are capable of conjugative transfer between and maintenance in almost all Gram-negative bacterial species (1) . RK2, which is virtually identical to RP1, RP4, R18, and R68, the best characterized IncPa plasmids (1) , provides an interesting system to study factors influencing the balance of plasmid spread and maintenance because expression of the adjacent trfA (2, 3) and trb operons (4, 5) encoding genes for replication and transfer is coordinated (6) (7) (8) (Fig. 1) .
The trfA operon encodes a single-stranded DNA binding protein Ssb (13, 14) and TrfA, which is essential to activate the replication origin oriV (15) (16) (17) . trfAp is repressed by KorA (18) , KorB (18) , KorF (formerly KorFI), and KorG (formerly KorFII) (12) , which are encoded in the central control operon (9) (10) (11) (12) , and TrbA (7) , the product of the first cistron in the trb operon. KorA and KorB are repressor proteins with well defined operators (19) (20) (21) (22) , while KorF and KorG are putative histone-like proteins whose specific targets are not known (12) . The TrbA binding site overlaps the trfAp -10 region but has not been fully defined (unpublished data).
The trb operon consists of 15 cistrons, which are involved in mating pair formation during conjugative transfer (5, 23) . Promoters precede trbA and trbB (5, 8, 18) (Fig. 1) . The trbB promoter is repressed by KorB (8, 18) and TrbA (7) . Expression of trbA should shut off trfAp and trbBp but transcription from trbAp is also likely to continue into trbB and beyond. This transcript is predicted to contain secondary structure, which may determine stability and translational characteristics different from those of the trbBp-generated message (6 (33) were performed as described (7) . Promoter fragments (240 bp) were amplified on pMMV115.1 template (34) for wild-type trfAp/trbAp and pVI107.1 (2) for trfAp-1 promoter down mutation with a pair of primers 1 and 2 ( Fig. 2A) with BamHI sites at their ends. Primer 5 used with primer 1 introduced a T-to-C change into the putative -10 sequence of the trbA promoter. Primers 1 and 6 gave a 290-bp promoter fragment. PCR products were introduced into either the low copy number promoter probe vector pGBT43 upstream of the xylE cassette (7) or the high copy number bidirectional promoter probe vector pGBT100. pGBT100 is pCT673 (36) (40) . With DNase I-treated complexes (41), the RNAP binding reaction and heparin addition were conducted as described above. The MgCl2 concentration was then adjusted to 10 mM and DNase I was added (1 ug/ml) for (Fig. 2B ). Starting at position 240, removal of 60 bp inactivated trbAp (pGBT159.180). With deletions originating at position 1, loss of trfAp activity coincided with an increase in korAindependent trbAp activity (pGBT259.122 to pGBT259.41). This korA-independent trbAp activity was still present when DNA corresponding to nt 199-240 ( Fig. 2A) To locate the transcription start point (tsp) of trbAp 5'-end-labeled primer 1 ( Fig. 2A) was hybridized to mRNA isolated from bacteria containing plasmid pGBT59 (trfAp/ trbAp) and either pGBT30 (vector control) or pGBT37 (tacpkorA). KorA stimulated the appearance of three groups of extended species corresponding to end points in the nt 1-240 region (data not shown). The major species corresponded to a tsp at one ofthe three A residues at positions 194-196 in Fig.  2A , placing trbAp between nt 200 and 240 as proposed above (Fig. 2B) , where >95% of trbAp activity disappeared when this region was deleted. For this tsp, the most likely -10 box for trbAp is located between bases 204 and 209 ( Fig. 2A) , so we introduced a transition from T to C at position 209 using The trbA promoter sequences identified in this way are very close to the end of the cloned 240-bp PCR fragment and may lack specific upstream sequences. Therefore, we repeated the PCR cloning with primers 1 and 6, adding a further 50 bp upstream of trbAp ( Fig. 2A) . trbAp activity of the 290-bp insert (pGBT197; 0.017 unit) was only 2-fold higher than in the 240-bp insert of pGBT59 recloned into pGBT100 (pGBT159; 0.008 unit). The stimulatory effect of korA on trbAp expression in pGBT197 is the same as in pGBT159 (20-to 25-fold) .
RNAP Footprints at the Divergent Promoters. DNase I footprinting with wild-type DNA labeled on the bottom strand ( Fig. 2A ; data not shown) showed for trfAp a clear window of protection from -55 to +26 with enhancements at -24/-25. The trbAp region is also well resolved and showed clear protection from -45 to +7 relative to the trbAp tsp (first of three A residues). Footprinting on the top strand was relevant only to trfAp because of the distance of trbAp from the labeling point. It showed protection from -52 to +40, interspersed with enhancements at positions -26/-24 and +23/+24 (data not shown).
The trfAp-1 mutation changes the RNAP footprint at trfAp Permanganate, which specifically attacks T residues in single-stranded DNA, was used to detect open complex formation at the divergent promoters. RNAP melts the 290-bp fragment in two locations (Fig. 3A) . With high RNAP concentration, the top strand shows opening of T residues at positions 142, 147 (the strongest), and 149 for trfAp as well as 195/196, 198, 202, 205 , and 207 (the last two the strongest) for trbAp (lanes 1 and 2). At low RNAP concentration (5.9 nM) the melting was detected only at trfAp (Lane 3). A gel-shift assay was used to determine whether RNAP can simultaneously form two open complexes on DNA of the trfAp/trbAp region. With either increasing time or RNAP concentration, wild-type DNA showed first one and then two retarded species corresponding to binding of one (complex I) and two (complex II) molecules of RNAP (Fig. 4) (12, 18, 37, 43 (1994) . I F kl. -..-Proc. Natl. Acad. Sci. USA 91 (1994) 10575 that act at this region-namely, KorB, KorF, KorG, and TrbA (unpublished data), suggesting that the switch is real rather than an artefact resulting from dissection of the system. This trfAp/trbAp switch located adjacent to trbA, whose product represses trfAp further, is reminiscent of the immunity regions of temperate phage regulating the selection of lysogenic or lytic cycles. Like temperate phage, propagation ofa conjugative plasmid can proceed in two ways. Vegetative replication after activation of oriV by the TrfA protein is equivalent to the lysogenic state. Conjugative spread of plasmid molecules, which depends on rolling circle replication initiated at oriT, as well as products of the tra and trb operons, resembles the invasion of a new host as in the lytic cycle. A major goal of this work is to explain and predict plasmid behavior (copy number, stability, and transfer frequency) under different physiological conditions and in a range of species. Identification ofthe KorA-mediated genetic switch governing genes for these alternative modes of RK2 propagation is a key step in this process.
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